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[57) ABSTRACT

Flame retardant nylon compositions having improved
physical properties and excellent molding characteris-
tics comprise a mixture of about 45 to about 70 weight
percent of nylon 6 or nylon 66 or mixture thereof; about
15 to about 25 percent of nylon 612; about 2 to about 10
percent of iron oxide, antimony oxide or zinc oxide or
mixture thereof; and about 10 to about 25 percent of
bis(hexachlorocyclopentadieno)cyclooctane.

12 Claims, No Drawings



FLAME RETARDANT NYLON COMPOSITIONS

BACKGROUND OF THE INVENTION
This invention relates to flame retardant nylon com-
positions having improved physn:al propertles and ex-
cellent molding characteristics.

Nylons represent a family of cdmmercmlly available
polymers characterized by the presence of recurring

amide groups in the polymer chain and generally noted !9

for their excellent physical properties for a variety of
end uses, including the formulation of molding compo-
sitions. Nylon 6, produced by polymerization of e-
caprolactam and Nylon 66, produced by the condensa-
tion reaction of adipic acid and hexamethylenediamine
account for the major share of commercial nylon mold-
ing compositions.

It is known that the fire retardancy of some nylon
compositions may be enhanced by the incorporation
therein of various chlorinated organic fire retardants,
often in combination with a suitable metal oxide, such as
a zinc or antimony oxide. A particularly effective fire
retardant for Nylon 6 and Nylon 66 1s 1,4,7,10-dime-
thanocycloocta-1,2,3,4,7,8,9,10,13,13,14,14-dodeca-
chloro-1,4,4a,5,6,6a,7,10,10a,11,12,12a-dodecahy-
dro[1,2,5,6] dibenzene, characterized by the formula:

(For convenience, this compound will be referred to
herein by the shorter title of bis(hexachlorocyclopen-
tadieno)cyclooctane. The incorporation of bis(hexa-
chlorocyclopentadieno)cyclooctane, optionally in com-
bination with a suitable metal oxide, in nylon composi-
tions, i1s disclosed in U.S. Pat. No. 3,403,036 to Hinder-
sinn et al. It is known that such nylon compositions are
characterized by excellent fire retardant properties and
are generally satisfactory to excellent with respect to
most of the desired physical properties sought in nylon
composttions. However, 1t has been found that the in-
corporation of the aforementioned additives in Nylon 6
or Nylon 66 molding compositions results in an increase
in the melt viscosity with a consequent decrease in the
ease of processing in molding operations.

Accordingly, it i1s an object of this invention to pro-
vide nylon compositions particularly suited for use in
molding processes. It is a further object to provide fire
retardant nylon compositions characterized by im-
proved processibility in molding operations, especially
1n injection molding operations, and improved physical
properties of the final molded product.

SUMMARY OF THE INVENTION

It has now been found that nylon molding composi-
tions comprising a major proportion of Nylon 6, Nylon
66 or mixtures thereof and a minor proportion of Nylon
612 are characterized by a melt viscosity which renders
them particularly suitable for commercial molding pro-
cesses, especially injection molding processes, to pro-
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duce a final molded product having unexpectedly supe-
rior physical properties. Furthermore, it has been found
that the incorporation therein of a minor proportion of
the aforementioned bis(hexachlorocyclopentadieno)
cyclooctane together with an oxide of iron, antimony or
zinc provides a fire retardant nylon molding composi-
tion which, in comparison with the prior art fire retar-
dant nylon molding compositions, provides a substantial
improvement in melt viscosity as well as in physical
properties of the final molded product. Nylon 612 is a
commercially available polymer produced by the con-
densation reaction of dodecanedioic acid and hexameth-
ylene diamine. The aforesaid fire retardant molding
compositions in accordance with this invention com-
prise, in weight percent:

(A) about 45 to about 70 percent of Nylon 6 or Nylon
66, or mixtures thereof;

(B) about 15 to about 25 percent of Nylon 612;

(C) about 2 to about 10 percent of an oxide selected
from the group iron oxide, antimony oxide, zinc
oxide, and mixtures thereof:

(D) about 5 to about 30 percent of bis(hexachlorocy-
clopentadieno)cyclooctane.

The nylon compositions of this invention may be
conveniently fabricated into various shapes or articles
of manufacture using conventional techniques such as
molding or casting and the like, with or without addi-
tional fire retardants, fillers, reinforcing agents or other
additives. It has been found that the nylon compositions

of this invention are characterized by a melt viscosity

which, renders them particularly suitable for commer-
cial molding processes, especially injection molding
processes, and results in a final molded product having
unexpectedly superior physical properties.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The preferred nylon molding compositions of this
invention are those wherein Nylon 6 and/or Nylon 66 is
present in a weight ratio of about 2.0 to about 5.0 and
preferably about 3.0 to about 4.5 parts per part of Nylon
612. It has been found that within such range, nylon
molding compositions may be formulated that exhibit
not only a lower melt viscosity but in addition, are
characterized by substantial improvements in physical
properties of the final molded product.

To achieve the most advantageous physical proper-
ties in the fire retardant compositions of this invention it
1s preferred to vary the formulation depending on the
use of Nylon 6 or Nylon 66 as the major component.
Thus, the preferred fire retardant compositions wherein
Nylon 6 is the major component comprise, in parts by
weight, about 50 to about 65 parts of Nylon 6, about 10
to about 20 parts of Nylon 612, about 2 to about 10 parts
of iron oxide or antimony oxide, and about 15 to about
20 parts of bis(hexachlorocyclopentadieno)cyclooc-
tane. The preferred fire retardant composition wherein
Nylon 66 is the major component comprise, in parts by
weight, about 45 to about 70 parts of Nylon 66, about 10
to about 25 parts of Nylon 612, about 10 to about 25
parts of bis(hexachlorocyclopentadieno)cyclooctane
and about 5 to about 10 parts of zinc oxide, iron oxtde or
antimony oxide.

The nylon and flame retardant components can be
compounded to form an intimate mixture, suitable for
molding, by various known methods. The components
may be ground or pulverized and the powders mixed in
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a conventional fashion to form a blend suitable for
moldlng techniques. Alternatively, the fire retardant
components may be added and mixed with the molten
polymer blend. The blend may then be molded, ex-
truded, or otherwise formed into useful articles or
shapes, and is particularly adaptable for injection mold-
ing techniques. Furthermore, various other additives
may be incorporated into the blend such as lubricants,
fillers, pigments, mold release agents, reinforcing

4

“mine various physical properties. The nylon molding

compositions were prepared as follows. The nylon com-
ponents were ground to pass a2 1.0 mm sieve, mixed, and
the mixture dried at 120° C. for two hours, then ex-
truded at about 230°-250° C. into a ribbon form. The
extrudates were then ground into particles of about 6
mm diameter and again dried at 120° C. for 2 to 4 hours,
then injection molded at about 230°-260° C. The injec-
tion molded bars were tested with the results as set forth

agents, such as glass fibers and the like. 10 in Table I, below.
TA_BLE | ,.

‘ | EXAMPLE NO. _ -
COMPOSITION/PROPERTY UNITS ! 2 3 4 5
Nylon 6 % 100 — | — 80 —
Nylon 66 - % - = 100 — 80
Nylon 612 % — 100 — 120 20
Molding Parameters Cylinder Temp. °C. 260 232 274 243 - 260

Injection Pressure psi | 10620 10600
Impact (Notched) D256 Ft.lb/in 08 0.9 - L1 0.8 0.6
HDT 66 psi °C. 157 118 - 213 152 213

264 psi ‘C. 60 51 62 . 53 63
Tensile Strength (break) psi 6000 4500 6700 6300 10400
Elongation (break) % 108 36 27 55 37
Flexural Strength | | psi 13900 - H100 15100 - 12600 15400
Flexural Modulus P psi X 10° 2.72 2.49 3.37 2.75 - 366
Apparent viscosity at 232° C.
at 3000 sec—! app. shear rate poise 740 o 600
at 2 X 10° dynes/cm? shear stress poise 730 580
Apparent viscosity at 272° C. - S y
at 3000 sec—! app. shear rate poise 630 460
at 2 X 10° dynes/cm? shear stress poise 600 340 .

The following specific examples are provided to fur EXAMPLES 6-13

ther illustrate this invention and the manner in which it
may be carried out. It will be understood, however, that
the specific details given in the examples have been
chosen for purpose of illustration and are not to be
construed as a limitation on the invention. In the exam-
ples, unless otherwise indicated, all parts and percent-
ages are by weight and all temperatures are in degrees
Celsius.

EXAMPLE 1-5
A series of nylon molding compositions were pre-

pared and injection molded in the form of 4" X 3" X5"
bars and the injection molded bars were tested to deter-
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A series of fire retardant nylon molding composition
were prepared and injection molded in the form of

3% 34" % 5" bars. The preparation of the molding com-

positions was carried out following the procedure of
Examples 1-5 except that powdered fire retardant addi-
tives (bis(hexachlorocyclopentadieno)cyclooctane and
metal oxide) were blended with the nylon particles
following the initial grinding. The injection. molded
bars were tested to determine fire retardance and vari-

ous physical properties, with the results as set- forth in
Tables II and IlI, below

TABLE II B .
D EXAMPLE NO. _
COMPOSITION/PROPERTY UNITS 6 7 8 9
Nylon 66 %o 67 70. 49
Nylon 612 % —_ 17 — 21
Nylon 6 % . — — —~ —
bis(hexachlorocyclopentadieno)cyclo- % 10 10 24 24
octane | | |
Fe;03 " % 6 6 — —
SHhO3 o - — — —
ZnO % — —_ 6 6
Molding Parameters Cylinder Temp C. 274 257 282 257
Injection Press. psi 12500 12500 12500 12500
Oxygen Index % 31.3 32.5 31.1 28.6
} UL-94 Testing —_ .
Total 10 flameout sec. 10.4 15.0 13.3 41.4
 Average 5 afterglow sec. No " No ‘No No
Drip (cotton) — No .. No No No
Class V-0 V-0 V-0 VO
Impact (Notched) D256 ft.1b/in. 0.5 0.5 0.6 0.4
- HDT 66 psi *C. 204 - 190 219 193
264 psi °C. 12 71 75 89
Tensile Stength (break) psi =~ 7500 - 6200 - 7200 3800
Tensile Modulus psi X 10° 581 . . - 585 - . 5.29 - 3.7
Elongation (break) % 2.5 - L9 42 1.8
Flexural Strength psi _ 12200 13900 14600 | 12400
Flexural Modulus | psi X 10° 4. 79 5. 23 530 5.44

- - .
. -
- - . '
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TABLE III
EXAMPLE NO.

COMPOSITION/PROPERTY UNITS 10 i1 12 13
Nylon 6 % 75 60 15 60
Nylon 612 % —_ 15 — 15
bis(hexachlorocyclopentadieno)cyclo- % 20 20 16.7 16.7

octane |
Fe;O3 % — — 8.3 8.3
Sbr03 % 5 5 —_ —
Molding Parameters Cylinder Temp *'C. 260 235 260 232

Injection Press. psi 12500 12500 12500 12500

Oxygen Index %0 29.4 30.2 32.2 30.5
3"’ UL-94 Testing —_—
Total 10 flameout sec. 10 10 7.7 20.8
Average 5 afterglow sec, 0 0 0 0.5
Drip (cotton) —_ No No No No
Class — V-0 V-0 VO V-0
Impact (Notched) D256 ft.lb/in. 0.5 0.6 0.9 0.6
HDT 66 psi *C. 175 178 156 164

264 psi *'C. 54 73 58 63
Tensile Strength (break) pst 5100 7200 7100 6700
Tensile Modulus psi X 10° 3.07 4.25 5.02 3.9
Elongation (break) o 9.3 4.3 4.7 3.7
Flexural Strength psi 9100 13400 14300 14900
Flexural Modulus psi X 10 2.71 4.99 4.18 4.91

What is claimed is:

1. A flame retardant nylon composition comprising in
weight percent, a blend of about 45 to about 70 percent
of homopolymers of nylon 6 or nylon 66, or mixture
thereof; about 15 to about 25 percent of nylon 612 ho-
mopolymer; about 2 to about 10 percent of iron oxide,
antimony oxide, zinc oxide, or mixture thereof; and
about 10 to about 25 percent of bis(hexachlorocy-
clopentadieno)cyclooctane.

2. A flame retardant nylon composition accordmg to
claim 1, comprising, in weight percent, about 50 to
about 65 percent of nylon 6, about 10 to about 20 per-
cent of nylon 612; about 2 to about 10 percent of an
oxide from the group iron oxide and antimony oxide;
and about 15 to about 20 percent of bis(hexachlorocy-
clopentadieno)cyclooctane.

3. A flame retardant nylon composition according to
claim 2 wherein said oxide is iron oxide.

4. A flame retardant nylon composition according to
claim 3 wherein said iron oxide i1s Fe;O;.

5. A flame retardant nylon composition according to
claim 2 wherein said oxide is antimony oxide.

6. A flame retardant nylon composition according to
25 claim 1 comprising, in weight percent, about 45 to about
70 percent of nylon 66; about 10 to about 25 percent of
nylon 612; about 5 to about 10 percent of an oxide from
the group zinc oxide, antimony oxide and iron oxide;
and about 10 to about 25 percent of bis(hexachlorocy-
clopentadieno)cyclooctane.

7. A flame retardant nylon composition according to
claim 6 wherein said oxide is zinc oxide.

8. A flame retardant nylon composition according to
claim 6 wherein said oxide is iron oxide.

9. A flame retardant nylon composition according to
claim 8 wherein said iron oxide is Fe;0s.

10. A nylon molding composition comprising, in
parts by weight, a blend of about 2.0 to about 5.0 parts
of a homopolymer of nylon 6, nylon 66 or mixture
thereof per one part of nylon 612 homopolymer.

11. A nylon molding composition according to claim
10 comprising about 2.0 to about 5.0 parts of nylon 6 per
one part of nylon 612.

12. A nylon molding composition according to claim
10 comprising about 2.0 to about 5.0 parts of nylon 66
per one part of nylon 612.
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